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(71) We, E I. DU PONT DE 
NEMOURS AND COMPANY, a Corpora, 
tion organised and existing unider the laws of 
the State of Delaware, United States of 
5 America, located at Wilmington, State of 
Delaware, United States of America, do 
hereby declare the invention for which we 
pray that a patent may be granted to us> and 
the method by which it is to be performed, 
10 to be paiticularly described in and by the 
following statement : — 

This invention relates to photosensitive 
elastomeric compoations and fiexographic 
prmting elements. 
15 Fiexographic printing reliefs which are use- 
fill for letterpress printing of packaging 
materials, e.g., cardboasd, plastic films, are 
conventionaDy prepared 1^ a laborious pro- 
cedure involving art work, photographic 
20 negative, photoengraving, formation of a 
phenolic matrix, and hot press molding of a 
rubber plate. Printing reliefs with resilient 
surfaces can be prepared directly from photo- 
sensitive compositions as exempIMed m U,S*. 
25 Patents 3,024,180 and 2>948,61L In the pro^ 
cesses described in these patents^ printing 
reliefs having characters of imifonn printing 
heights are produced by exposing to actinic 
light through an image-bearing transparency 
30 negative or positive) a layer comprising an 
addition-polymerizable ethylenicaHy unsaiturah 
ted compound or mixture of compounds, a 
solvent-soluble elastomeric binder, and having 
dispersed therethrough an addition-polymeti- 
35 zation initiator activatabte by said actinic 
lights and b^g superposed on and adherent 
to a suitable support^ e.g., a metal plate or 
foil, until addition polymerizatiaa, ie., in- 
solubilization of the compo^tiun occurs in the 
40 exposed areas. Removal of the layer in the non- 
exposed areas, e.g., by treaoient with a suit- 
able solvent in which the poiymerizedl com- 
position in tiie exposed areas is msoluble> 
leaves a printing relief of the line or halftone 
45 image of the transparency suiitable for letter- 
press work. Frequentiy, however, these print- 
ing rdids are not as eilastomeric as the molded 
rubber plates. Also the photosensitive eiteaients 



tend to cold flow due to high monomer con- 
centrations needed andi do not have the de- 50 
sirable features of vulcanized rubber without 
reducing solvent solubiity as well. Further- 
more^ such compositions and elements often 
must be solvent coated thus reducing the 
effective use of the demente. 55 

The above disadvantages arc overcome by 
an improved photosensitive, elastomeric com- 
position comprising 

(1) at least 30% by weight of at least one 
thermoplastic, elastomeric block copolymer 60 
contaim'ng at leasft two thermoplastic, non- 
elastomeric polymer blocks having a glass 
transition temperature above 25*^C and be- 
tweai the thermoplastic, nm-dastomeric poly- 
mer blocks an elascomeric polymer block 65 
having a glass transituni' tempeiftture below 
10°C., 

(2) ait least 1% by weight of an addition- 
polymerizable, ethylenicaily unsaturated com- 
pound containing at least one terminal cfthy- 70 
lenic group, which compound is compatible 
with the copolymer (1), and 

(3) a polymerization-effective amount of 
polymerization initiator aotivatablc by actimc 
radiation. ^ , 

The photosensitive compositons of this in- 
vention have the advantage that they possess 
certain mechamcal properties amilar to those 
of conventional rdnforced rubber vuic^nizates, 
such as high tensile strength and rapid return 80 
from high extensian, as well as certain pro- 
perties of conventional thennop-lastics, such 
as reversible transition to a melt with a 
moderate increase in temperature. Such novel 
features allow the easy preparation and mani- 85 
puktion of the phofawensitive composition 
into useful elements comprismg a support 
bearing a layer of the photosensitiye compo- 
sition without affecting solubility in process- 
ing solvents. Furthermore, when dementi of ^ 
this invention are imagewisc exposed to ac- 
tinic radiation, the exposed areas become m- 
soluble and result in tough, shaped, clasno- 
meric rdiefs with subsequent solvent removal 
of unexposed} portions of the compositf on. ^ 
This invention pnwde$ photosenativc 



1,366,769 



elements for producing fiexographic letter- 
press printing plates of unifoira printing 
. height fron reliadvdy inexpensive matBrids 
and with amarked reduction in labor require- 
3 ments- over the conventional pixxxdure. Botii 
the reHef and printed! images obtained show 
fidelity to the origmal transparency both in 
small ddtafis and in overall dxmensioins even 
when: the element is imagewise exposed on a 

10 cylindrical support. The printing reliefs have 
the advantage that they have mechanical pro- 
perties similar to conventional reinforced 
rubber vulcanizates and do not become pei^ 
manentiy defonned in nonnal use. Tl^ reliefs 

15 have high impact strength and are not britde 
but are tough and abrasion-resistant and have 
unusually long press wear using conventional 
alcohol & water based mks. Hardness of the 
reliefs cm be easily changed by varying com* 

20 ponent concentrations. 

Preferred block copolymers useful in this 
invention have at least one unit of the general 
formula^ A — — ^A, wherein each A is an in- 
dependaitiy selected non-elasitomeric polymer 

25 block having an average molecular weight of 
2000— lOOjOOO and a gjass tcanaidon tem- 
perature above 25 °C and B IS an eiastomeric 
polymer block having an average molecular 
weight between 25,000 and 1,000>000 and a 

30 glass transition temperature bdow 10°Q The 
non-dastomeric blocks. A, having between 
them an elastomeric block, B, together com- 
prise the unit A— B— A which represents ihe 
copdymers uniquely suitable for use in com- 

35 bination with the photopolymerizable com- 
ponents in the compositions of the invention. 
This unit may comprise the endre general 
fomiula of the copolymer^ itmay be appended 
to another polymer chain; or it may be r&- 

40 peating. It is, of course^ possible to vary the 
precise nature of the unit within the scope 
of the invention, e.g., by using two di&rait 
non-elastomeric tenninai blodo^ A, or by 
creating block or graft polymeric substvtutions 

45 in blocks A and B. Preferably, the dastsomeric 
mid-section blocks, B, are polymers of ali- 
phatic conjugated diolefins while the non- 
elastomeric blocks. A, are those formed by 
polymerizing alkenyl aromatic hydrocaibons, 

50 prdferably vinyl st^>stitated aromatic hydio- 
carboiK and still more preferably vinyl mono- 
cyclic aromatic hydrocasbons. Pardcularly 
preferred species of the subject copolymers 
comprise block copolymers of polyd^rene 

55 terminal groups connected! by a nud-sectiiOQ of 
polyisq>rcne or polybutadien^ &g., pply- 
styrene-polyisoprene-polystyrene or poly- 
s^nrene-pdybutadiene-polystyrene;, the poly- 
diene block being 70 to 90% by wdght of 

60 the block copolymer. Other typical block co- 
polymers useful in tius mventioa are poly- 
styrene-polybutadiene-polystyrene and! poly- 
siyrene-polyisoprene-polystyrene block co- 
polymers which have been hydrogenated 

65 according to the teachings of Jones, U.S.?.' 



3,431,323 and Hefde et al., U.S.?. 3,333,024. 
The hydrogenated block aq>olymers have the 
additional advantage of improved thermaJi and 
oxidative resistance. However, some resSdual 
unsaturation in hydrogenated block copoly- 70 
mers is desirable, since only very smaU con- 
centrations of monomer are then needed in 
the photosensitive compositions to reduce 
solvent solubility upon exposure to actinic 
radiation. Still other typical block-copolymers 75 
useful in this invention are those wherein the 
terminal blocks are polyalkyl styrenes, eg., 
poly(a - metiiyl styrene) - polyisoprcne - poiy- 
(tt - methyl styrene), and those composed of a 
plurality of polymer blocks^, e.g., polyisoprcne- 80 
polystyrene - polybucadiene - polystytene- 
polyisqprene; 

Among useful adidition-polymerization 
etbylenicaiEly unsaturated compounds (2) which 
form compatible mixtures with the aforesaid 85 
thermoplastic, dastomeric block cxtpolymers 
are: 

t- butyl acrylate 

N,N - (Hediylaminoethyl acrybte 

1,4 - butaoediol diaoylaite 90 

hexamethylene glycol diacrylate 

decmethyiene ^ycol diacrylate 

2,2 - dimethylol propane diacrylate 

tripropylene glycol diacrylate 

tcimediylol propane triaoylate 95 

2,2 - di(p - hy^3typhenyi} 1 propane 

diaciylate 
2,2 - di (p - hydroxyphenyl) - propane 

dimediaciylaice 
polyoxyethyl - 2,2 - di(p - hydroxyphenyl)- 100 

propane dimethacrylaiGe 
polyoaq^ropyltrhnediylol propane 

triaoylate (having a molecular wdght 

of 462) 

1,4 ^ butanediol dimethaoylate 105 
hexamethylene glycol dimethacrylate 
2A4 - trimethyl - 1,3 - pentanediol 

dhneahacrylate 
1 - phenyl ethylene - 1,2 - dimetiiacrylatc 
tnmethylol propane trimethacxylate 1 10 

difaHyl f umarate 
styrene 

1,4 - diisopropenyl benzene 
1,3,5 - triisopropenyl benzene 

The ethylenically unsaturated compound 115 
(2) preferably has a boiling point at normal 
pressure over 100°C. 

The photosensitive c(»npositioiis of this 
invention essentially do not scatty the actinic 
radiation when in the form of thin layers, e.g. 120 
0.0005 to 0.250 linches. In order to secuit: an 
wsentially transparent mixture i.e. a non- 
light-scattering mixture, the thermoplastio 
dastomeric block copolymer component should 
be compatible with and preferably soluble in, 125 
the ethylenic component when used within 
the wdght ratio range of 99: 1 to 1 : 1 whcr^ 
in the ratio is the wdgfit of block copolymer 
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used to the weight of addition-polymcrizable, 
cthylenically uiBaturated compound used. 

By coinpaiibHity is meant the ability of two 
or more coostituents to remain dSspesreed wfth 

5 ooG another without earning appreciabfe 
scattering of acdnio radiatioiL CosnpatLbOfty 
is often limittd by the relative proportions 
of the constituents and incompatibililty is 
evidenced by formatioa of haze in the photo- 

10 sensitive composition. Some- slight haze of 
layers coatsexi or extiuded frrai such cxjm- 
positions before or during exposure can be 
tolemed in the prq>aratioii of prmdng reHefs 
therefrom but when fine Jdietail is desired, haze 

15 is preferably avoided; The amaunt of moao- 
mer, or any other constitaeal^ used is chere- 
fore limited to those compatible ^conoentratiotas 
below that which produces undesired Mght 
scatter or haze. The- above compatible: 

20 ethylenically unsaturated : compounds form 
high-molecular weight addition podymeis 
readily by photoinitiafted addinion podymeriza- 
tion in ttre presence of an adjdition polymeriza- 
tion initiator. Of coursev the mitiator absorbs 

25 sufficient radiant energy to iruriate polymeriza- 
tion or crosslinking. 

Practically any iniitLator of additioca poly- 
merizaticHi wiiich is^ capable of mitiatihg poly- 
merzation under the influence of actmic 

30 radiation can be used m the phocoBensitive 
compositions of this invention:. Because tians- 
parcncies transmit heat origmating from con- 
ventional souxxres of actinic ludiiatioa and- 
since the photosensitive compositions may be 

35 usually prepared undier conditi^^oos resulting in 
elevated temperatures, tiie preferred^ initialors 
are inactive theamally below 85*^C. and more 
preferably below 185*^C. They should! be dis- 
persible in the composition to the extent 

40 necessary for initiating the desired podymeri- 
zatiwi of crosslinking under the influence of 
the amount of radiation absorbed in relatively 
short tenil exposures. These- dnitiartxws are iise- 
ful in amounts from: 0,001 to 10,0% by 

45 wwgjit, and preferably from 0,01% tx> 5% 
based on the weight of the photosensitive com- 
position. 

Suitable phdtc^>alytnerizadon initiatois in- 
clude vldnal diketone^j. e.g.y diaxxxyl^ benzil, 

50 <r-pyridil; acyloms, e,g., baiain, pivalodn, «- 
pyridoin; acyloin ethi^> boizoin methyl 
and ethyl ethers; alpha-hydrocarbon-substitu- 
ted aromatic acylouisir e.g.i a - methyl ben- 
zoin, a - t - butyl beozoitt, acyloin esters^ e.g:, 

55 benzoin acetate, and a - aUyl benzoan; si^ 
stituted and un^ibstituted quinones having two 
intracyciic carbcnyl groups attached to intra- 
cyclic carbon atoms in a conjugated sk mem- 
ber carbocycHc ring there being at least one 

60 aromatic carbocyclic ring futsed to the ring 
containing^, the carbonyl groups, e.g., ethyl- 
anthraquinone, benzanthraquinonc^ anid ben- 
zophenone and 4,4' - bSs(1dmed)yIamino) 
bmzx^henone, Iniidatoas cait be used 

65 separately or in codjimctioit with oichfir co^ 



uiitiaiXHS, eg., cthylanthraquinonc with 4,4'- 
bis(dime%laniino)benzophaione and! benzom 
methyl ether with triphenyl phosphine. Also 
useful' in aspects of this inveotkm are initia)- 
tors and initiator systems disclosed in U.S.P.'s 70 
3,479,185, 3,549^67, and 3,558,322 and 
Bd^ Patent 759,041. 

The photosensitive compositions may also 
contain a small amount of thexmai! addition 
polymerization inhibitor, e.g., 0.001% to 75 
2.0% based on the weight of the photosensi- 
tive composition. Suitable inhibitors that can 
be used in aiddition to the preferredl 2,6 - di- 
terr - butyl - 4 - methylphenol and p- 
methoxyphenol include hjrdroquinone^ and 80 
alkyl and aryl - substituted hydroquinones, 
tert - butyl - pyrocatechoiT, pyrogalloli, beta- 
napthol, 2,6 - di - tert - butyl - p - creso4, 
phenothiazinc, pyridine;, nitrobenzene and 
dinitiobenzene. Other usefiil inhibdtars in- 85 
dude p - toluquinone, cWoranil and thiazine 
dyes, e.g., Thionine Blue G (CI 52025), 
Methylene Blue B (CI 52015) and Toluidine 
Blue (CI 52040). Such compositions can be 
photopolymerized or photocrosslkiked with- 90 
out removal of the inhibitor. 

The photosensitive dments of this inven- 
tion can be made by solvent casting or by ex- 
truding, calendering or pressing at an elevated 
temperaftue of the photosensitive composition 95 
into the f(toi of a layer on a suitable casting 
wheel, bdt or platen as a self suppoinmg sheet 
The layer or sheet may be laminated to the 
surface of a suitable pemianent support or, 
if necessary, it may be affixed' by means of a 100 
suitable adhesive, or the solution may be 
coated direcdy onto a suitable support: The 
photosensitive elements may have antihalation 
material beneath the photosensitive layer. For 
instance, the support may contain an anti^ 105 
halatirai mffcerial or have a layer or stratum 
of such material on its surface. The elements 
may be madie in the various manners des- 
cribed in U.S. Paitents 2,760,863, 2,791,504 
and 3,024,180. The photosensitive layer itself 110 
can serve as^^ the light absorption' layer, e.g., 
when dyes or pigments are mcluded dn die 
photosenshive composition or when the layer 
is sufficientiy thick. 

Suitable base or support materials include 115 
metals, e.g., steel and aluminum plates, sheets 
and fodls, and iilms or plates composed of 
various film-forming synthetic resins or high 
polymers, such as the addition polymers and 
in particular vinylidene chlorildie copolymers 120 
with vinyl' chloride, vinyl acetate, styrene, 
isobutylene and acryloniiiile; vinyl cWoride 
lK«nopolymers and copolymers with vinyl 
acetate, styrene, isobutylene and aciyloniitrile; 
linear coridensation' polymers such as pody- 125 
esters, e,g., polyethylene tcrephthalate, poly- 
amides, e.g., polyhejcametbytenesebacamidie; 
polyimides, e;g., fihns as disbrosed m U.S.P. 
3,179,634 and polyester amides, e.g.» poly- 
hexamethylene-adipamiide adlpaee. Filters or 130 
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reinforcing agents can be present in the syn- 
thedc resin or polymer bases such as the 
various fibers (synthetic, modiified, or natural), 
e.g., cellulosic fibers, for instance^ cotton, 

5 cellulose acetate, viscose rayon, paper; glass 
wool; nylon and polyethylene terephthalate. 
These reinforced bases may be • iised in 
laminated form. Various anchor layers cfis- 
closed in U.S. 2,760,863 can be used to give 

10. strong adherence between the support and the 
photosensitive layer or, in the case of a 
transparent support, pre-exposure through 
the support to aotink: radiation may be useful; 
The adhesive compositions disclosed in U.S.P, 

15 3,036,913 are also effective. 

Printing reliefs can be made in accordance 
with this invention by exposing to actinic 
radiation selected portions of a photosensitive 
layer of an dement described ^ve, for ex- 

20 ample, through an image-beaiing ttraii^)arency 
or stencil having areas essentially transparent 
to actinic radiation and of substantiailiy xmi- 
fonn optical density and areas opaque to 
actimc radiation and of substantially unifoim 

25 opticd density until substantial adkiition- 
polymerization or photocrossHinking takes 
place;, i.e., the radiation-exposed portions of 
the layer are converted to the insoluble state 
with no significant polymerization or cross- 

30 linking taking place in the unexposed porrioins 
or areas of die layer, and removing unexposed 
portions of the layer by means of a solvent, 
for the thermoplastic-dastomeric block co- 
polymer. During the addition-polymenzation 

35 or cxYisslinking, insolul»Mzatioii occurs and the 
thermoplastic-elastomeric block copolymer/ 
ethylenically unsaturaited compound compo^i^ 
tion is converted to the insoluble state. 
The thickness of the photosensitive layer 

40 is a direct function of the thidaiess diesared m 
the relief image and this wfB dspead on die 
subject bdng reproduced and the idtimate use 
of the reUef, e.g., thick soft reliefs are useful 
for fiexographic printing and thin hard reliefs 

45 are useful for planographic printing. In 
general, the thidaiess of the polymerizable 
layer will vary frcmi 0.0005 tso 0.250 Inches or 
more and layers wlthini this range of diidaiess 
will be used for die majority of the printing 

50 plates. 

The photosensitive layere may ailsot, if de- 
sired, indude compatible plasticizers, other 
unsaturated! compounds and polymersL Such 
agents, preferably superior solvents for the 

55 thennoplastic-dastomeric polymer, may be 
used to improve the rate or ^dmt of xnsolu- 
bilization throughout the photx)5ensitive layer, 
to fadlitate the rmo^nal of die lotexposed 
areas, and to aid the manufacture of the layers. 

60 Useful niateri^s are hydrocarbon oils, e.g., 
naphthenic and paraflSnic oife; polymers and 
resins, e.g., polystyrene^, o^methy! styrene- 
vinyl toluene copolymers, pentaerythritol 
ester of hydrogenated rosin, pol5rterpene resins, 

65 ester resins, polyethylene, poly-a-methyl 



styrene, and polyacrylates; and stearic acid. 

The photosensitive layers can also contain-; 
immiscible, polymeric or non-polymeric or- 
ganic or inorganic fillers or rednfordng agents 
which do not scatter actinic radiation^ e.g. 70 
polystyrene, the oiganophilic silicas^ ben- 
tonites, silica, powdered glfeiss, zinc stearate, 
zinc . oxide having a particle size less (than 
0.0001. inch and in amounts vaiying with the 
desired properties of the photosensitive layer. 75 
The fillers preferably are essentially trans- 
parent. Compositions may also contain dyes- 
(e.g., indigo) for identification or aesthetic 
purposes, provided they do not strongjy ab- 
sorb actinic radiation and do not. interfere 80 
with the addition polymerization reacti<MX.- 

Resistance of photosensitive dements of - 
this invention and prmting rdfefs made diere- 
frcmi to oxygen and ozone attack can be ha- 
proved by incorporating in the photosensitive 85 
composition a suitable amoimt of coinpatH>le 
well known antioxidants and/or antiozonants. 
Antioxidants usdiil in thcs invention indude: 
alkylated phenols, e.g., 2,6 - dl - tm - butyl- 
4 - methyl phenol; alkylated bis - pheno^ 90 
e.g., 2,2 - methyloie - bis - (4 - methyl - 6- 
tert - butyl phenol); 1,3,5 - trimethyl - 2,4,6^ 
tris(3,5 - di - tert - butyl - 4 - hydroxylbenzyl) 
benzene; 2 - (4 - hydroxy - 3,5 - tert - butyit 
anilino) - 4,6 - bis - (n - ootylthio) - 1,3,5- 95 
triazine; polymerized trimethyl dihydiro- 
quinone;. zinc dibutyl dithiocatbamate and 
dilamylthiodipropionate. Antiozonants useful 
m thL} invention indude: micro cxystaUhne 
wax and paraffin wax; d^utyl thioarea;. lOO 
1,1,3,3 - tetramethyl . 2 - >tyouieai; Antiozo- 
nant AFD, a product of Nafton Co.; noor- 
bomenes, e.g. di - 5 - norbomene - 2 - methyl 
axMpate;, di - 5 - nodxmiene * 2 » methyl* 
maleate, di - 5 - norbomene - 2 - methyl! 105 
terephrdialate; Ozone Protector 80;, a prx»duct . 
of Rdchhold Chemical Co.; N - phenyl - 2r 
naphthylamine; unsaturated vegetable odis, 
e.g. rapeseed oil, Ifnseed oil, ^fflower oil; 
polymers and. resins, ag. ethylene vinyl 110 
acetate copolymer resan^ chlorinated! poly-- 
ethylene, cMorosdfonated polyedxyiai^ 
chlorinated polyethylene, cMorosulfonatoi 
polyethylene;, chlorinated etiiylene meth- 
acrylic acrd copolymer, polyurethane^ poly- 115 
pcntadienes, polybuitadiene, furfural! derived, 
resins, ethyliene. pr<^ylene diene rubber, di- 
ethylene glycol ester of rosii^ and « - methyl 
styrene - vinyl toluene copolymer. Ozone re- 
sistance of the printing relief produced can 120 
also be improved by annealing it at d^aited 
temperatures prior to use. 

The photosensitive compositions are, in 
general, solids. They are also, frequentiy,. de- 
pending on thedr ocanpositiott, somewiat 125 
tacky on the surface. This latter property is 
of advantage in that compositions a^ere of 
themselves to a support being used md do 
not usually require the application of an ad- 
hesive to retain them on the support, both 130 
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during photo-exposure and dlevekxpment 
steps and during subsequent use of tbe ia- 
solubilised material as a printing plate. The 
elements of the invention may be provided) 

5 with a transparent flexible cover sheet such as 
a thin film of polystyrene, polyethylene, poly- 
propylene, polyethytene terephthalatc or other 
strippable material on the side of (the photo- 
sensitive layer remote from the support iCo 

10 prevent contaminaticm of or damag^ to the 
photosensitive layer during storage or mani- 
pulation. The elements may also be provided 
with a thin, hard, flexible, solvent-soluble 
layer, such as a flexible;, polymeric film or 

15 layer, e.g. of a. polyamicfe or a! copolymer of 
ethylene and vinyl acetate, or the known type 
of mold-release agents e.g. certain commer- 
cially available sMoones, which is interposed 
between the cover sheet, when present, ajtdi 

20 the upper surface of the photosensitive layer 
when it is desired to protect for reuse an 
image-bearing negative or transparency super- 
poswi thereon or to improve contact or aMgn- 
mesit with the photosaensitive surface. If de- 

25 sired, the photosensitive element can also 
have on the reverse surfece of the support 
a pressure-sensitive adhesive layer provided 
with a protective strippable layer. Upon re- 
moval otf the latter the element can be pro- 

30 oessed onto or otherwise adhered to a per- 
manent suppomt, e.g. a printing block or metal 
plate. 

The photosensitive compodtions of this in- 
vention can be prepared £n many ways by 

35 mixing the three essential constituents 
specified above, i.e., (A) the themioplaistic- 
elastomeric block copolymer compounds (B) 
the compatible addition-polymerizable, ethy- 
lenically unsaturated compound containing at 

40 least one teiminal ethylenic group, and (C) 
an addition-polymerizattioii im'tiator activat- 
able by actinic radiation. For example, flow- 
able or exfirudable compositions can be made 
by mixing them and other desired) adjuvants in 

45 any order and, if desired, with the aid of a 
.solvent, e.g. chlorinated) hydrocarbons^ e.g. 
chloroform, carbon tetrachloride, tiichloav 
ethylene and chkrotoluene; ketones, e.g., 
methyl ethyl ketone;, diethyl ketone andl 

50 methyl isobutyl ketone; aromatic hydrocar- 
boQS^ e.g. benzene, toluene and xylene; and 
tetrahydrofuran. The above solvents can con- 
tain as diluents small amounts of acetone^ 
lower molecular weight alcohols, e.g. methyl, 

55 ethyl, propyl; aliphatic hyd!rocarbons such as 
petroleum ether and solvent naphtha; and 
esters, e.g. methyl, ethyl and butyl acetate. 
The solvent can be removed later by heating 
the admixture or extruded layer. 

60 Conventional miiUing, mixing, and solution 
techniques can be used in making the com- 
podtions, the particular technique vaiying with 
the differences in properties of the respective 
components. The iKHna^eous^ essentially 

65 non-light scattering compoGitfons are formed; 



into sheets in any desired' manner. For ex- 
ample, solvent-casting, hot pressing, calender- 
ing, or extrusion are suiltable methods for pres 
paring layers of the desired thickness. 

Actinic radiation from any source and of 70 
any type can be ised in the pbotcppolymerisa- 
tion process. The radiation may einanate from 
point sources or be in the form of paiillel 
rays or divergent beams. By using a broiad 
radttatiwi source, relatively dose to the hxmgjb- 75 
bearing transparency, the ntdiation passing 
through the dear areas of tbe transparency 
enters as divergent beams and thus inadiates 
a continually diverging aiea in the photo- 
polymerizable layer underneath the ckax por- 80 
tions of the transparency, resuMng in a poly- 
meric relief having its greatest width at the 
bottom of the photopolymerized layer, i.e., 
a frustum, the top surface of the relief being 
the dimensions' of 'the clear areai Inasmuch 85 
as the addition-polymerization initiators 
activatable by actinic radiation generally ex- 
hibit their maximum sensitivity in the ultra- 
violet range, the radiation source should 
furnish an effective amount of this radiation. 90 
Such sources include carbon arcs, mercury- 
vapor lamps> fluorescent lamps with special 
ultravidet-light-emitting phosphors, argon 
glow lamps, and photographic flood lamps. 
Of these, the mercury-vapor lamps;, particii- 95 
larly the sun-lamp or "black light*' type, and 
the fluorescent sun lamps, are most suitable. 

When highly reflective ' supports are Used, 
oblique rays passing through clear areas in 
the image-bearing transpairency will strike the 100 
surface of the bast at an angle other than 
90° and after refleaon wiiil cause polymeriza- 
tion in the non-image areas. This disadvantage 
can be overcome when the photosensitive 
layer is on a radiation-reflective support by 105 
an intervening stratimi suffidendy absorptive 
of actinic radiation so timt less tiian 35% of 
the incident radiation is reflected The layer 
absorptive of reflected radiation or non- 
radiation scattering layer, or antihalation HO 
layer, can be made by dispersing a findy- 
divided dye or pigment which substantially 
absorbs actinic radiation in a solution or 
aqueous dispersion of a resin or polymer which 
is adherent to both tte support and the photo- 115 
insolubilized image and coating it on the 
support to form an anchor layer which is 
dried. Suitable antihalation pigments include 
carbon black, manganese dioxMe;, dye^ e.g., 
Acid Blue Black (CI 20470) and Acid 120 
Magenta Q (CI 42685). A dyed metal plate 
is also useful. 

The antihalation layer dntennodiatc be- 
tween the photosensitive layer and the rein- 
forcing support when used must have ade- 125 
quate adhesion to the rdnfordng support and 
die photosensitive layer and not react with 
the radiation-absorptive material. Suitable 
polymeric or resin carriexs for the radiadon- 
abscnptive dyes or pigments which can be 130 
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used incline goLymm of .vm^ compounds^ 
e;g., .polyviayl chlodde :lK»nopoiymeirs, and 
a^ymers, eg., vmyl ditotide with vinyl 
acetate, diethyl toiarate .or ediyl acrylate. 

5 O^lymos of acrylic and! methactylK: acM 
fiiay. also be used. 

The solvent liquid used for washmg or 
"devdopingf" tht plates made from the phaco- 
• sensitive CDmposltion& of this invmtuKi should 

10 have, good^soiveat ecidm m the thennopiastK! 
elastmeric btock cc^ynier/tithyienic.Bionxx- 
mer composition and Mcde acdoa on the.ftn- 
solidnlized idoage or xspoa the siq>port 
material, ansihalfttioQ layer, . or .anchor layer 

15 in the period required to remove the non- 
•polymemed or non-oosstinked pontions. 
Mediyl- ethyl ketxm^ benzene;, tohteae!, xylene^ 
carbon tetrachlonde, -tricMoroethane^ tti- 
diloroethylene, metbylchlorc^om^ tecraditoFo- 

20 eth^ene as well as those aanprnmidis or mix- 
Hires. listed in the Examples .are pamcdbrly 
useful solvents. Best results are sometimes ob- 
tained when the solvent is wann, e.g., 
30 — 509C or when ±e solvent is ustti in a 

25 miaetuic widi a non-solvent, eg., trichloro- 
ethylene mlh ethanoL Incorporation of such 
non^solvents reduces swelli&g of the insohi- 
bHized image. 
In the development step where the relief 

30 4S foamed, the solvent may be applied in any 
convenient manner, as by pouimg, immearsiony 
spraying, or roller applicatkm!. Brushing aJds 
in the removal of the unpolymerized or un- 
crosslinked portion of the composMoni. 

35 The printing reliefs made in accordance 
with this inventian can be. used in all classes 
of -printing but are most applicable to those 
classes of printing wherem a dfstanct diBFerence 
.of height between printing andl non-princmg 

40 . areas is required mud particularly to the fiexo- 
. graphic printing class wherein a resilient, print 
area is required, e.g., for printing on. deform- 
able printing surfaces. These classes include 
those , wherein the ink is -carried, by the raised 

45 pOTtion of the the reUef . such as hi dxy-offset 
printing, ordinary letterpress printing, the 
•latter requiring greater height differences be- 
tween printing and non-printing areas, and 
Those wherem the ink is carried by the re- 

50 cessedi portions of. the relief such: as in ihta^o 
printing, e,g., line and inverted halftone. The 
plates are also useful for multicolor prmting. 

The photosensitive compositions of this in- 
vention are also useful in the, preparation of 

55 photoresists for. etching, gravure; planograph 
plates, and screeiK f or "silk screen" printing 
or as stendls. The compositions can be coated 
onto prinidng cylinders, e.g., plastic or metal 
cylinders, or attached thereon as photosensi- 

60 tive elastomeric layers. 

The photosensitive cotopositions are suit- 
able for other purposes, on addition to the 
printing uses described ab<Jve;, in which 
readily insolubilized, solids, adklition pody- 

65 merizablc compositions are useful^ e.g. for 



making ornamental plaques or for producing 
omamaitaa! effects; for making patterns for 
automajcic engraving machines,; ^undiy mddSr 
cnmng.. and stamping dyes; for name^scamps; 
for relief maps;, for pskets; as rapid cure coat- 70 
ingSi e,g., on.film base, on rollers, mside tanks; 
in the preparation of printed circuits; for. 
afiimg:^pluM|>hors to surfaces to provide color 

•television screens; and -in the -pieparation of 
Gtfao' plastic, or elastomeric articles. 75 
The invention will be further Hhistrated by 

' die f oHowisg examples. 

EXAMPLE L 
A .'photosensftiv^ thermoplastic, elasto- 
: meric soJidiiSheet was prepared by the follow- 80 
ing procedure; a solution of 0.0467 g 2- 
ethyJaathraquinone and 0.0924 g p - methoxy- 
-phenol in a small amomt of tetrahydrofuran 
was added to 433 g trimethylolpioipane in- 
aciylate. This mixture was added to a cyclo- 85 
hexane solution (140 ml) of 30.16 g poly- 
styrene - polybutadiene - polystyrene bloidc 
c^lymer (MW^-^yejOOO) and 0.06 g 2y6- 
•dt - tert - butyl • 4 - raethylphencl and was 
then ' heated to 60°C and) stirred vigorousily 90 
for two hours. <The polybutadiene block 
'haying a glass transaitian- temperature about 
minus 85 °C comprises 69% by weight of the 
^block copolymer which has a solution vis- 
cosity of 4000 cps (measured' as a 25% by 95 
weigiit toluene solution with a Brooldield 
Viscometer Model LVF using spindfe 
number 3 at 6 rpm with scale factor of 200), 
a specific gravity of 0.95 and 800% elonga- 
tion (obtained for films cast from 25%, by 100 
weight toluene solution^, the polystyrene 
blocks have glass transitiion temperatures of 
approximately lOO^C.) The resting homo- 
geneous solution was degassed in an oven at 
709C . for several hours until a porous rubber 105 
foam remained. Tins solid was farther de- 
gassed unJder vacuum at 609C overnight and 
tiien molded into a 0,030 inch thfck clear 
layer -between two sheets of 0.002 indi, un- 
coated, biaxially oriented, heat set, polyethy- 110 
lenc terephthakte film m a platen pi^ at 
llO^C using 0.033 inch spacers by aj^lymg 
16 psi pressure for several minutes. After 
stripping off the polyester cover sheet half 
die layer was exposed for 40 minuccs to actinic 1 15 
radiation from a bank of four parallel 15W 
General' Electric BlackKght lamps (F15T8- 
:BLB) (Ifflnp. centers 1.5 mches apart) at a 
distance of 3 inches. When subsequentiy im- 
mersed in tetrabydirofuran overm'gjit, the ex- 120 
posed half-of tiie layer swelled sli^tly m oon- 
trasti'to the unexposed half which d£^lvedi-ui 
tetrahydrofunm within a few minutes. 

EXAMPLE IL 
A 0.064 inch thick photosaisitive elasto- 125 
meric sheet was prepared as in Examjrfe I with 
the use of suitable spacers on the platen press. 
After removing the polyester cover sheet the 
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photosensitive sheet was condMooied under 
nitrogen gas fcr two days and was thai image- 
wise exposed for 20 mm. through an .image 
bearing transparenqr to .actimc radiaitioii as 

5 described in Example I. The sheet was then 
washed in tetrahydrofuran for 2.25 minutes 
producing a deep rdief image which was sub- 
sequendy dried, conditioned with nkrogen 
gas and post-exposed to actinic . radiation 

10 using a radiation source as descritbeid in Ex- 
ample I for 2.5 hours. The relief nesemblcd 
a molded vulcanized rubber relief. 

EXAMPLE ni. 
A solution of 30.01 g polystyrene - poly- 

15 butadiene - polystyrene block copolymer of 
Example I, 4.02 g 1,4 - butanediol diacrylate, 
0.0448 g 2 - ethylanthraqumoae, 0,06 g 2,6- 
di - tert - butyl - 4 - metbyiphenal and 0.087 
g p - methoxyphenol in 40. ml C3^ohexane 

20 was prepared as in Example I and then sol- 
vent was removed by heating the solution to 
70° under vacuum. After diying the same at 
60°C under vacuum overnight it was modded 
between two sheets of 0.002 inch, biaxiaHy 

25 orieniced, heat set, polyethylene terephthalate 
fihn at llO^C. and 16 psi for 15 minutes in 
a platen press using suitable spacers to give 
. a 0.064 inch thick sheet After removing the 
polyester cover sheet the sample w^ condi- 

30 tioned in nitrogen gas 4 hours, image-wise 
exposed for 16 min. through an image bear- 
ing transparency to actinic radiation as in 
Example II and subsequently washed in tetra- 
hydrofuian for 1 minute. The resulting dasco- 

35 meric deep relief plate was further conditioned 
in nitrogen gas for two days and then post- 
exposed to actinic radiation as in Ecample 
II, When the surface of this elastomeric relef 
inked' with an alcohol based ink was pressed; 

40 to a paper sheet ai printed image resuited 
which faithfully reproduced a negative of die 
original image tran^>arez«7. 

EXAMPLE IV. 
A photosensitive, themoplastic, dastomeric 

45 solid sheet was prqwurad; from 156.3 g poly- 
styrene - polyisoprene - polystyrene block co- 
polymer (MW-'100,(K)0), 23.4 g trimediylol:- 
propane trimethacrylate, 0.216 g 2 - etbylan- 
thraquinone, 0,12 g p - methaxyphenol, and 

50 0.313 g 2.6 - di - tert - butyl - 4 - methyl- 
phenol using procedures as in^ Example III. 
(The polyisoprene block \m a glass transition 
temperature about mmus 72^G and com- 
prises 85% by weight of the block copoiymef 

55 which has a solution viscosity of 1600 
(measured as in Example I); a spedific 
gravity of 0.93; a hardness of 37 as deter- 
mined with a Shore Type A Durometer, (a 
produot of the Shore Instrument and Mfg. 

60 Co., Ina) and hereinafter expressed as "Shore 
A hardness of"; and 1300% dongation (for 
film cast from 25% by wdght tohienc soli*- 
tion).} One of the polyester cover films was 



stripped off and the sample craditioned for 
one day in nitrc^en gas. It was image-wise ex- 65 
posed for 25 minutes through an image bear- 
ing transparency placed in contact with the 
photosensitive surface using the radiation 
source described in Example I. The exposed 
surface was spray washed with methyl chloro- 70 
foim for 4.5 mmuijes. The sheet with tte 
relief was then post-exposed through the poly- 
ester base for 50 minutes to the same raxiiarion 
source producing a highly resiJiient relief firmly 
adhered to the polyester support 75 

EXAMPLE V. 
A photosensitive, thermoplastic, elastomeric 
sheet was prepared by dissolving 3.5 g ben- 
zoin methyl ether in 35 g hexamethylene 
glycol, diacrylate. The solutiwi was added to 80 
659.9 .g polystyrene - polyisoprene - poly- 
styrene block copolymer (described^ in Ex- 
ample IV) and 1.6 g 2,6 - di - tert - butyl- 

4 - methylphenol in ai 1 . gallon botde and the 
components were mixed: by manual shaking. 85 
Five batches of the mixture wore fed con- 
tinuously into a 20 X 1 inch single screw 
extruder (Killion, modd #K100). The mix 
was extruded at 170*^C and 42 rpm for about 

5 minutes (^3.0 kg per hour) and came out 90 
through a 4 X 0.030 inch sheeting die and 
was quenched on a water chittedi casting whed 

to form 4 X 0.040 inch sheet About 80 g of 
this sheet was hot pressed between two 8 
X 8 inch sheets of 0.002 inch, uncoated, bi*- 95 
axially oriented and heat set polyediytene 
terephthalate fihn into a 0.110 inch plate with 
a Pasadena Hydrat^c Inc. press at 100°C 
and 20,000 lb. pressure using two 0.110 inch 
spacers. The top polyester sheet was sub- 100 
sequentiy removal and the plate was lamina- 
ted with a 0.00075 inch polyethylene film 
using a rubber squees-gee. The plate's poly- 
ethylene side was covered with an image bear- 
ing transparency and! placed in a vacuum 105 
frame. The pkte was then image-wise exposed 
for 5 minutes under vacuum with a bank of 
four parallel 40 watt ultraviolet fluorescent 
lamps ("Sylvania", FR48T12 - BL - VHO- 
180 BlacWite — "Sylvania" is a Registered 110 
Trade Mark) in conventional lamp holder at 
a 4 inches distance. Lamp centers were 2 
inches apart and two codling fans were used 
to reduce heat build up. Afiter exposure, the 
polyethylene ^eet was removed and the siir- 115 
face of the dastomcric plate was washed with 
a plx&h brush wet with 3 : 1 methylcMorof orm 
andl ethanol solvent mixmre produdng a relief 
image on the plate. The plajte was dipped in 
a 2% solution of 2,6 - di - tert - butyl - 4- 120 
methylphenol in 3:1 methylchlorofoim and 
ethanol solvent mixture. The wet plate was 
post-exposed in air for 10 minutes using the 
same radiation source described above. The 
plaite had a Shore A hardness of 45. The 125 
polyester backing sheet was stripped off and 
the plate was mounted! cm a 15 inch drcum- 
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25 



30 



fcrence solid cylinder with double aded ad- 
hesive tape. The cylinder was mounted on a 
Kidder (Registered Trade Mark) GI press (36 
inch wide) fitted with a 200 line per inch 
"Anilox" (Registered Trade Mark) roU. 
"Polyprint Beckennan Red" #40-0-3478 ink, 
a product of Dd Val, Inc., was used. Stock 
was 0.00125 inch extrudted polyethylene and 
was supplied in roHs of 13 mch diametJer and 
each roll yielded approxiniately 3000 impres- 
sions. The flexographic plate made a press run 
of 195,000 impressions and slwwod! no sign 
of wear. The print quality from diis plate is at 
least equivalent to that from a pkte made 
conventionally from natural ndjber. 

EXAMPLE VT. 
A photosetisitive;, thermoplastic, dastomeric 
solid sheet was prepared from 1.1 g poly - <r- 
methylstyrene - polybutadiene - poly - «- 
methyisitjnene hl^xk copolymer (MW^ 
115,000, 25% poly - « - mediybtyrene having 
a glass transition temperature of 175°C)> 0.23 
g hexamethylene gjycol diacrylatev 0,16 g 
naphthenic oil, 0.015 g 2,6 - di - tert - buityl- 
4 - methyl - phenol, 0.0011 g benzoin mediyl 
ether using procedures as in Example III. One 
of the polyester cover sheets was removed and 
the photosensitive sheet was laminated with a 
O.00O75 inch polyethylene film. The sample 
was exposed 'througjx an image bearmg trans- 
parwicy (placed on the polyethylene cover 
sheet^ in a vacuum frame for 25 monutes to 
actinic radiation (described in Example I). 
The polyethylene film was stripped off and 



the exposed dastomeric sheet was developed 33 
by brushing in methylchloroform for 4 
minutes. The samples was then post-exposed to 
the same xadiation source for 30 nrttnutes. The 
resulting dastomeric sheet had » 0.027 inch 
relief image and resemU^ moid vdcam'zed 40 
rubber relief . When cemented to a wood block 
die xdief could be used with an ink pad as a 
rubber stamp. 

EXAMPLE VII. 

A photxvsensitive^ dieimoplastic, elastomcric 45 
sheet was prepared, image-wise exposed and 
processed as in Example VI except that 1.1 g 
poly - a methylstyrene - pdyisc^nene - poly- 
a - methylstyrene (MW^82,000, 30% poly- 
a - methylstyrene) was used instead of poly- 50 
a - methylstyrene - polybutadiene - poly - et- 
methylstyrene. The dastomeric relief produced 
was 0.030 inches and could be as a 
rubber stamp to print on paper or other stock. 

EXAMPLE JVIII. 55 

Fourteen thennqpiastic dastomeric ^eets 
were pr^red from polystyrene-polyisopiene- 
polystyrene block copolymer (described in Ex- 
ample IV and designated SLS); the antioxi- 
dant, 2,6 - di - tert - Inityl - 4 - mediylphenol;, 60 
designated AO; dther one of the two poly- 
merization initiators activatable by actnmc 
radiation, 2 - ethyl anithraquinone;, designated 
PI — 1, and benzoin methyl ether, designated 
PI— 2; and one of the ethylenicaly un- 65 
saturated compounds listed m the following 
table and in the amount designatedj: 



Sheet 


Grams Used 


Ethylenically Unsaturated Compound 


1 


36.7 


hexamethylene glycol dimethacrylate 


2 


36.7 


2,2,4-trimethyl-l,3-pentanediol dimethacrylate 


3 


11.8 


decamethylene glycol diacrylate 


4 


36,7 


diallylfumarate 


5 


36.7 


1,3,5-triisopropenyl benzene 


6 


3.5 


. 2^-di(p-hydroxyphenyl)-propane 
dimethacrylate 


7 


5.6 


polyoxyethyl-2^-di(p-hydroxyphenyl) propane 
dimethacrylate 


8 


5.0 


t-butylacrylate 


9 


5.0 


N,N-diethylaminoethyl acrylate 


10 


3.8 


154-butanediol dimethacrylate 


11 


15.0 


l-phenylethylen&-l,2-dimethacrylate 


12 


15.0 


styrene 


13 


15.0 


1,4-diisopropenyl benzene 


14 


10.0 


2,2-di(p-hydroxyphenyl)-propane diacrylate 



The grams of the other companmis used in each ^eet are tabulated in the following 
table: 
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Sheet 


SIS 


AO 


PI-1 


PI'2 


1 


199.5 


0.5 


0.6 


0 


2 


199.5 


0.5 


0.6 


0 


3 


223.4 


a6 


0.59 


0 


4 


199.5 


U5 


U.D 


u 


5 


199.5 


0.5 


0.6 


0 


6 


29.92 


0.08 


0.06 


0 


7 


49.27 


0.13 


0.14 


0 


8 


44.89 


0.11 


0.09 


0 


9 


44.89 


0.11 


0.09 


0 


10 


59.75 


0.25 


0.12 


0 


11 


• 84.79 


0.21 


0 


0.5 


12 


84.79 


0.21 


0 


0.5 


13 


84.79 


0.21 


0 


05 


14 


188.15 


0.5 


0 


as 



Sheets 6 through 10 were prepared as in 
Example IV amd the other sheets were pre- 
pared as m Example XVII. using the radia- 
tion source of Example I each ^ die sheets 
was image-wise exposed for about 45 minutes 
to actinic radiation and then spray-washed 
for 4 minutes sdth & 7: 3 solvent mhcture of 
methyl ethyl ketone and racrfiylcMoroform. 
Each lesulidng elastomeric printing relief re- 
sembled conventional natural rubbCT flexo- 
graphic printing plates in their durability and 
the quality of die printed stock. 



EXAMPLE IX. 
Seven themoplastic elastomeric sheets were 
preparoi from polystyrene-polyisoprene- 
polystyrene block copolymer, (descnbed m 
Example IV and designated) SIS); the mn- 
oxidant, 2,6 - di - tert - butyl - 4 - methyl- 
phenol, designated AO; eidier one of the two 
ethyfenically unsaturated compounds, hexa- 
methyleneglycol diaciylate, designated HD, 
and trimethylolpropane «trimethacrylate, 
designated TT; and' one of die pplymerizat. 
tiott initiaitore listed in die foUowmg table. 
Also included in the mble are the number of 
grams of each componeni used in the sheets. 



30 



35 



40 



Sheet 


Initiator 


SIS 


AO 


HD 


TT 


1 


0 . 70 g benzophenone 
0 . 01 g 4,4 '-bis(dimethylamino)- 
benzophenone 


50.01 


0.13 


9.5 


0 


2 


0 . 5 g benzoin niethyl e±er 
0. 5 g trimethylphosphine 


93.17 


0.23 


5.0 


0 


3 


0 . 5 g a-tert-butyl benzoin 


94.26 


0.24 


5.0 


0 


4 


0 . 92 g 2-tert-butyl anthraqumone 


299.25 


0.75 


0 


55.02 


5 


I.20gbenzom 


105.14 


0.26 


6.0 


0 


6 


0 : 5 g benzoin acetate 


94.26 


0.24 


5.0 


0 


7 


O.Sgbemdll 


112.92 


0.28 


6.0 


0 



45 



50 



The first sheet was prepared as in Example 
IV and the odiers as in Example XVII. As 
in Example IV each of the seven sheets was 
image-wise exposed to actinic radiation, pro- 
cessed to produce a relief image. Each re- 
sulting elastomeric printing relief produced! 
image quality comparable to that of conven- 
tionally molded natural rubber plates and for 
sheet "3" the print quality was superior to die 



odiers and requked less exposure to msohi- 
bilize the exposed areas. 55 

EXAMPLE X. 
A polystyrene - polybutadiene - polystyrene 
block copolymer (MW 100,000, wherdn the 
polybutadiene blodc, of which about 40% by 
weight is formed by 1,2 addition-polymcnza. .60 
don and about 60% by 1,4 aMtion-polymen- 
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zatioo, comprises 75% by weight of the block 
copolymer) was hydrogenated as taught in 
Jones U.S.P. 3,431^23. The podj^tadiwie 
block was more than 95% hy&ogenami' 

5 whereas the polystyrene blocks were Iras than 
lOyi hydrogenated 80 g of the hydrogenated 
block copolymer, 8.0 g hexamethylene glyood 
(^acrylatc, 0.2 g 2 - ethylanthraquincme, 0.8 
g 2,6 - di . tert - butyl - 4 - mcthyipheaol, 

10 and 0.4 g p - methoKyphenol were noili-miJlfed 
for 20 minutes at 155^0 and then pressedi 
into a plate at 14Q^150^C as in Sample 
V, into a 0.110 inch iMck sheiet excqn that 
one of the cover sheets used was a 0,004 fiich 

15 resin coated polyethylene terqphthalate filtn 
described in Example IV of Mss^ U.S.P. 
2,779,684. The plate was image-wise exposed 
for 20 minutes as in Example V. The im- 
coated polyethylene terq>lidiaiate 

20 was then stripped off and the. pJate was de>. 
vdoped by ^zay washing with toluene for 
1,5 minutes producing a relief imagja The de- 
veloped plate was dried and then postrcxposed 
to actinic radiation described! in Example V 

25 through the resin coated support for 30 
mmutes producing a- suiqxjrtGd elastomeric 
relief image useful for flexograpbic printmg 
and with greater resistance to asadadv& mask 
dian cdnvexutionally prepared natural: n^ber 

30 printing plates. 

EXAiVlPLEXI, 
A photosensitive;, thermoplastic, dascomeric 
^eet was prcpasred as m Example X except 
that the block copolymer was essentukUy com- 

35 pletely hydrogenated; removing boiii the buta- 
diene as well as the styrene rnisaturatioi^ A 
second photosensitive thermoplastic dasto- 
meric sheet was similarly prepared with 110 g 
of the above hydirog^ted block cc^ymer, 

40 8 g irimethylolpropane trimethacrylate, 0.2 g 
2 - cthylanthraquinone, 11 g 2,6 - dt - tert- 
butyl - 4 - methyjphenol, and 0.40 g p- 
methoxyphenoL An dastomeric rdief plate 
firmly at&ered to ±e coated polyedi^ylene 

45 terephthalate support was produced from each 
of the two photosensitive sheets when image- 
wise exposed and processed as in Example X. 
Compared to oonventionally prepaired natural 
rubber plates, the above dastomeric printing 

50 plates could be used longer for flex<^phic 
printing before ocsone andi oxidative attack of 
die plates interfered witht print qualiity. 

EXAMPLE XXL 
80 g of the partially hydrogenated block 

55 copolymer described in Example X, 12 g 
trimethylodpropane triacrykte, 0.8 g benzom 
methyl ether, and aS g 2,6 - di - terc - butyl- 
4 - mediylphenol were rot-milled at 155^C 
until homogeneously mixed. The mixture was 

60 then hot pressed into a 0.110 inch sheet be- 
tween two 0.002 inch, uncoatexi, biaxially 
oriented, heat set polyethylene terephthalate 



film as in. Example V. A second! photosensitive 
themioplastic^ elastomeric sheet was preparedl 
as above excq>t that 80 g of the fuUy hydro- 65 
genated block copolymer described in Ex- 
ample XI was substitutsed for the above par- 
tially hydrogenated blodc oopolymer. Alter 
one of die polyester cover sheets was replaced 
with a polyethylene film rach sampte was 70 
image-wise exposed for 30 mahutes as m Ex- 
ample V. The polyethylene film was snipped 
o(ff and each sample was spray washed wfth 
toluene for 2 minutes producing an dasto- 
meric relief which upon dcymg and sub- 75 
sequent posc-exposuziB to die same radiation 
as above for 10 minutes was usefd as a prints 
ing plate for printing on polyethylene stock. 
The resistance of both printing plaices to ozone 
attach was substantibiHy better than grmiiinr 80 
prmting plates produced oonventioiialLy fnnn 
imttffal rubber. 



EXAMPLE XIII. 

Phptnsensitivej thermoplastic, dast»meric 
sheet was prepared by die following pro- 85 
cedure: 2156, g polystyrene - polyiilsopipene- 
polystyrene block copolymer (described m. 
Example IV), 180 g hexamethjdcne gjycoil 
diaciylate, 22,5 g beazoin methyl edier, 5.4 
g 2,6 - di - tot - butyl - 4 - methylphenol^ 90 
240 g naphthenic oil, 360 g « - methylstyrene- 
vinykoluene copolymer (mdt viscosity at 
160OC is about 10 poises), and 30 e micro- 
crystallme wax were mixed as in Example {V 
and the mixture fed* through a mdt exitruder, 95 
The material was extruded at about 115°C 
throTigh a 6 inch wide die. The extrtjdate was 
quenched m cold water for about 10 minutes. 
It was subsequentiy pre-heated to 85^C. and 
then calendered at about 110<^C. between two 100 
polyester sheets in a four rodl laboratory 
calender to give an elaataraeric photosensitive 
layer 0.11 inch thick. One of the polyester 
sheets was 0.002 inch, uncoated, biaxially 
oriented, heat set polyethylene cerephthalatci 105 
the other sheet was 0.004 inch, biaxially 
oriented, heat relaxedy polyethylene tereph- 
thalate coated with a thin resm coating as in 
Exmnple X. The 0.002 inch polyester cover 
sheet was replaced widi a 0.0005 inch thidc 110 
polypropylene film and the samptte was ex- 
posed for 20 mmutes as in Example V through 
a transparency bearing the negative image of 
a gasket. With the polypropylene cover film 
removed, the sample's ehstcMneric surface 115 
was washed with a brush wet witii a 3 : 1 mix- 
ture of trichloroethylfene and ethanoL The 
sample was then dried, post-exposed to the 
same actinic radiation as above for 10 minutes 
and the remaining polyester support stripped 120 
away. The resulting elastomeric gasket was 
0.105 inches thick vnxb a Shore A haidness 
of.^ 45. It closely resembled a positive of the 
original: transparency and^ could be compiessed 
or stretched without permanent defomiation. 125 
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A second complicated gasket was sunilarly 
produced frcwn a transparency bearing the 
negative image of an i^1^^1a^ honeycomb. 

EXAMPLE XIV. 
5 A photosensitive element useful in pre- 
paring deep idief letterpress prkiting plates 
was prepared as follows: 

A primed support, using tin-platedi sted 16 
inches wide and 0.0063 inches thick was pr&% 
10 pared as described in Example III of Ger- 
man Patent 1,959,716. 

An adhesive composidon was composed of 
(A) 100 grams of a solution of 18%, solids 
in a mixed solvent consisting of dioxane:, 
15 toluene and cyclohexanone (30/46/2), the 
solids consisting of a copodyester prepared 
from a reaction mixture of an excess of ethy- 
lene glycol and dimethyl terephthdate, di- 
methyl isophthalate, dimethyl sebacate ami 
20 dimethyl adipate in a molar ratio of the latter 
four reactants of 4:4:1:1 respectively, (B) 
3.33 grams of the polyisocyanate solution des- 
cribed in Example I of German Patent 
1,959,716, and (C) 11.25 grams of a solution 
25 of 20% solids in a mixed solvoit consisting 
of methyl ethyl ketone and dioxane (1/1), the 
solids consisting of the epoxy rcsin described 
in Example I of German Patent 1,959,716. 
This adhesive ccmxposition was coated on 
30 the primed, tm-plated sted support forming 
an adhesive composition layer about 0.0015 
inch thick. The adhe?sive composition was 
dried andi cured by heating for 1 minute at 
230°C, resulting in an adhesive layer abouit 
35 0,0003 inch thick. 

A barrier solution was composed of (A) 
100 grams of a solution of 20% soUds In a 
mixed solvent consisting of methyl ethyl 
ketone and methyl cellosolve (7/3), the soJids 
40 consisting of a photopolymerizable compod- 
don prepared in a manner simiilar to (that dis- 
closed in Example I of U.S. Patent 3,012,952 
and (B) 1.60 grams of benzoyl peroxide (ther- 
mal initiator). 
45 The barrier composition was coated on die 
adhesive coated support fanning a barriep 
composition layer about 0.005 in<£ thick. The 
barrier composition was dried and cured by 
heating for 1 minute ait 230°C, resulting in 
50 a partly podymerlzed barrier liayer about 0.001 
inch ti^. 

A photDsensitiye thermoplastic elastomeric 
layer was preparied as m Example III from 
the following components: 61.69 g poiy- 
55 styrenc - polybutadiene - polystyrene block 



copolymer (Example I), 16.0 g 1,4 - butanediol 
diacrylate, 0.20 g 2 - ^ylanthraquinone, 0.25 
g p-methoxyphenol and 0.15 g 2,6 - di- 
tert - butyl - 4 - mctiiylpheaol. This layer 
was laminated to the coated, tin-plated steel 60 
support described above by heat pressing at 
23(y^C between the support and an uncoated 
polyester cover sheet for 25 minutes using 
0.03^ iach spacers. After the polyester cover 
sheet was removed the photosensitive sheet was 65 
image-wise exposed as in Example II 
for 25 minutes and; then was spray 
washed witii tetrabyd!rofuran for A — ^5 
minutes. The resulting reKef was .028 inches 
deep and, after post-exposure^, as in Example 70 
II had a Shore D haitiness of 43. The relief 
image was resilient, elastic andj free from 
brittieness and the letterpress printing plate 
could be bent through an angle of 180° with- 
out the relief cracking. The plate was placed 75 
cm a printing cylinder 4. inches in diameter, 
inked and used for printing. Satisfactory 
printed reproductions of the negative of tiie 
image transparency were obtained 

EXAMPLE XV. ^ 80 

A photosensitive, thennoplastic eiastomeric 
sample was prepnred' from the following com- 
ponents using the procednies m Example III : 
50. g polystyrene - pcilyisoprene - polystyrene 
block copolymer, (described in Example IV), 85 
2.8 g polyoxypropyl trimethylolpropane tri- 
acrylate (MW 462), and 0.21 g benzoin methyl 
ether. The sample was pressed into & 0.040 
inch sheet as in Example III except that one 
polyester cover sheet was replaced with an 90 
uncoated 0.002 mch polyimidc film prepared 
as in Example 19 of U.S.P. 3,179,634. The 
polyester cover sheet was removed and ithte 
sample was image-wise exposed as in Example 
IV for 15 minutes in a reducedi pressure of 95 
nitrogen gas. The sheet was then spray-washed 
3.5 minutes with a 7 : 3 solvent mixture of 
ethylacetate and methylcMoroforni. The 
elastomeric relief when used as in Example 
III faithfully reproduced a negative of the 100 
original image transparency. 

EXAMPLE XVI. 
Five samples each weighing 120 g were 
prepared, exposed and processed as in Ex- 
ample XVII, except that each contained 5% 105 
by weight hexamethyleneglycol diacrylate, 
0.5% by weight benzoin metiiyl etiier, 0.2% 
by weight 2,6 - di - tert - butyl - 4 - metiiyl- 
phenol and one of the following components: 
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Sheet 


% By Weight 


Component 


1 


0.3 


l,3,5-trimethyI-2A6-tris(3,5-di-tert-bntyM- 
hy(lroxybenzyl)benzene 


2 


0.3 


2-(4-hydroxy-3,5-tert-butylaniIine)-4,6-bis- 
(ll-OCt7lthioVl^^-triazine * 


3 


1.5 


l,lA3-tetramediyl-2-thiourea 


4 


10.0 


linseedoil . 


5 


15.0 


a-methylstyrene vinyl toluene copolymer 
(melt viscosity 140 **C 35 poise) 



12 
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15 



20 



25 



30 



35 



40 



45 



When compared to the photosensitive sheet in 
Kxample XlVII, Sheets 1 and 2 were less 
sensitive to the presence of oxygen. Sfmilarly 
printing reHefs prepared from Sheets 3, 4 and 
5 were less susceptible to defects caiced by 
ozone attack, cracimg with age and iiexihg. 

EXAMPLE XVII. 
A photosensitive, thennoplastic dastomeric 
layer was prepared from 180.3 g polystyrenes- 
polyisoprene - polystyrene block copolymer 
(described on Example IV), 10.0 g hexamethy- 
lene glycol diacrylate, 1.0 g benzoin methyl 
ether, 0.45 g 2,6 - di - tert - butyl . 4- 
methylphenol, 0.6 g 2,2 - methylaie - bis- 
(4 - methyl - 6 - tert - butylphenoi), 0.6 g 
dilaurylthiodipropionate;, 5.0 g 3 - cyclo- 
hexenylidetie methylbenzyl ether, andi 2 g 
microcrystalline wax. The ingredients were 
roll milled at 120*^0. in a 6 X 12 rubber mill 
and then the mixture was pressed into sheet 
and subsequently image-wise exposed for 10 
minutes as in Example V. The exposed sur- 
face was spray washed 4 minutes with a 7: 3 
ethylacctate; methylchlorofonn solvent mix- 
ture, was dried and then iwst-exposed 10 
minutes. The elastomeric relief after six 
months storage had no mldications of cracking 
due to ozone attack. Similarly a rdief maide 
the same way and elongated by 25% by loop- 
ing had no apparent ozone damage after 7 
days. Both reliefs when mounted! on a press 
and inked produced satisfacttay prmted 
images. 

EXAMPLE XVIII. 
A photocsensitive, thennoplastic elastomeric 
layer between polyester cover sheets was pre^ 
pared' as in Example XVII usdrig the follow- 
ing components: 232.42 g polystyrene- 
polyisoprene - polystyrene block copolymer 
(described in Example IV), 2.36 g hexamerthy- 
lene glycol diacrylate> 0.59 g 2 - ediylanthra^ 
quinone and 0.58 g 2,6 - df - tm - butyl - 4- 
mediylphenol. After image-wise exposure 
as in Example III for 25 minutes the exposed 
surface was spray washed with a 3 : 2 solvent 
mixture of 2 - butanone and methylchloro- 



fonn. The sample was dried and post-exposed 
for 45 minutes to actinic radiation as described 
in Example II producing an elastomeric relief SO 
0.024 inch deep and with a Shore A haixhiess 
of 43. An' elastomeric relief 0.250 inches thick 
was simrMy pr^ared and when used as a 
flexographic printing plate using corrugated 
paper stock produced print quaiity at least 55 
comparable to that produced' from a conven- 
tional rubber plaite. 

EXAMPLE XIX. 
A photosensitive lajrar was prepared using 
the following componaits: 30.04 g poly- 60 
styrene - polybutadiaie - polj^styrcne block 
copolymer (described in Example I), 100 ml 
cyclohexane, 7.46 g triethyleneglyool diacry- 
late, 0.0711 g 2 - ethylanthraquinone, 0.0872 
g p-methoxyphenolj and 0.06 g 2,6 - di- ^5 
tert - butyl - 4 - methylphenoL The block 
copolymer and 2,6 di - tert - butyl - 4- 
methylphaiol were refluxed in cydohexane 
until a viscous soluticm formed after which the 
other components were added in cyclohexane 70 
solution. The mixture was heated and stirred 
untili a clear solution was formed. The solu- 
tion was then heated! in vacuum at 70°C. to 
remove the solvent The resulting material was 
.pressed between two sheets of aluminum foil' 75 
into a 0.030 inch elastomeric sheet as in 
Example I and simihrly exposed. A trmis- 
parent film resulted which was harder than 
the unexposed £hn and did not diissoive when 
immersed in tetrahydroftEran for 16 hours^ 80 

EXAMPLE XX. 
A solution of 22.79 g polystyrene - pdy- 
isoprene - poiysiyrene block copolymer (des- 
cribed in Example IV), 20.00 g 2,2 - di- 
methylol pn^ane diacrylaite, 0.50 g benzo- 85 
phenone, 0.15 g 4,4' - bfe - (dimeihylamino)- 
benzophenone, 0.06 g 2,6 - dl - tert - butyl- 
4 - methylphenol, 1.5 g naphthendc oil and 5 
g pentaerytfaritol es«er of hydrogenated rosm 
in 100 ml methylchlorofonn was pirepaied and 90 
coated on a 0.004 mdz film of polytetraflucnrou 
ethylene using a 0.006 mch doctor knif a After 
drying, the photosensitive layer was laminated 
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to the copper surface cf a copE>er dad epoKy 
fiber gla^ board by heat ptossmg at lOS^d 
The poiycecrafluoroethyleiie cover sheet was 
stripped off and replaced with a 0.001 inch 

5 polypropylene fihn and ima^wise exposed 
for 5 minutes as m Example V. The cover 
sheet was discarded and- ihie exposed surface 
was brushed for 3,5 mimifies mth a 3:7 
methyldilotofomi: ediykcetate solvent mk- 

10 ture and the plate was hnmeisedl in agitated 
ferric chloride solution at 40^C. Areas com^ 
ponding to die unexposed pootions of the layer 
were etched away and the xcmaiQihg exposed 
layer was removed with tridilooroediylene 

15 fonning a negative copper image of the 
original transparency. 

EXAMPLE XXL ^ 
A photosensitive layer lanwnatfd to a 
copper-clad epoxy fiber glass board with a 

20 polypropylene cover sheat was pr^iared as m 
Example XX. The photosensitive layer was 
exposal through a tianspaiency bearing the 
image of a printed circuit for 5 minutes using 
a nuAic Plate Maker of the flip-top type using 

25 a Xenon Arc source, Modd No. FT-261 
manufactured by the nuArc Ca, Inc., Qiicagc^ 
Illinois. The unexposed portions of the kyear 
were then removed as in Example XX fanning 
a negative resist image of the printed ciicuit, 

30 The resist board was rinsed with water then 
diK>ed in 25% sulfuric add for 20 socon<te, 
followed by a water rinse, and then a rinse m 
25 7o ammonium peitsulfate sdution for 25 
seconds. The board was rinsed once again in 

35 water and then dipped in 25% sulfuric acid 
for 20 seconds and finally rmsed with distilled 
water. 

The resist copper boaid was plaoedi in a 
copper pyrophosphate plating bath of the 
40 Mowing compodtion : 



Copper (Cu+«) 30 g/l 

Pyrophosphate (P^Of^) 200 g/l 

Nitrate (SOr^) 8 g/l 

Ammonia (NH3) 2 g/l 

45 Ordiophosphate (HPO4-") 0.1 g/l 



This bath was held at pH 8.2, and} 122^F. 
The weight ratio of pyrophosphate to copper 
was 7.5. The bath was operated at 1.5 voks 
with a cathode current density of 30 amperes/ 

50 sq. ft. Copper was deposited} in an electro^ 
plating bath for 15 mmutes.on the unprotected 
non-resist areas of the imaged copper-dad 
board ^er which it was removed from the 
bath and dried in air. 

55 The electrolytically-deposited copper of «the 
resist board was then pkted over with gold 
and thcri' the resist was stripped off using 
metiiyleae diloride. The board was etched 
in 45*^ Baume ferric chloride and formed a 

60 pattern plated printed dituit boaidl 



EXAMPLE X Xn. 
A solution of 12.55 g polystyrene - poiy- 
isoprenc - polystyrene block copolymer (des- 
cribed in Example IV), 9.0 g hcxamediylcne 
^ycol diacrylate, 0.30 g bis - (2 - o - cMoto- 65 
phenyl - 4,5 - diphenylimidazolyl), 0.15 g tri&- 
(2 - mediyl - 4 - diethylamino - phenyl)- 
methane, 0.50 g naphtfienic oil and 2.50 g 
pentaerythritol ester of hydrogenated rodn 
in 75 ml trichloroediyiene was prepared and 70 
coated on a plate of non-treatedi, brush grained 
aluminum using a 0.002 inch doctor knife. 
After drying, die photxisensitive surface was 
laminated witfi 0.001 inch polypropylene fihn 
using a squeegee and then image-wise exposed 75 
for 2 minutes as in Example V. The poly- 
propylene fihn was stripped off and the ex- 
posed layer was brush-devdoped for 2.5 
minutes as in Example XX. llie aluminum 
plate with the devdoped image was gummed 80 
widt gum arabic and the imagied surface was 
wetted widi water and applied with standard 
oleophilic planographic ink. Areas correspond- 
ing to the unexposed regions of the plate diSd 
not retain ink whereas areas coxTesponding to 85 
the exposed regions of the plate did. The inked 
image when pt«sed to paper stock produced 
a negative printed image of the original trans- 
parency. 

EXAMPLE XXIIL 90 
A 0.250 inch photosensitive diennoplastic 
eliasttomeric layer was prqwued, exposed, and 
processed as in Example XVIII, except that 
prior to exposure both polyester cover sheens 
wete removed The photosensitive, self 95 
supporting elastomeric layer could be strecdKd 
and manipuilated around a cylinder or other 
such objects. Upon unage-wise exposure and 
solvent-washing a 0.250 inch thick elastomeric 
layer with a 0.024 inch deep relief was ob- 100 
tained whidi, as in Example XVIII9 produced 
piint quality at least comparable to that pro- 
duced from a conventionia!!! rubber plate. 

EXAMPLE XXIV. 

A polyamide-coated polyester cover film 105 
was prepared by coating a soludoo of 5 g df 
an akohol-soluble po^wnide resui in 100 ml 
of 1:1 solvent mixture of methanol and 
chloroform on a 0.002 ihdi unooated 
biaxially oriented, heat set, polyedjyifene HO 
terephthalate fihn using a 0.006 inch diootor 
knife. (The polyamide resin, "Elvamide" 8061, 
a prx3duct of E. I. du Pont de Nemours and 
Company, is colorless, transparent^ has a melt- 
ing point of 300— 320®F., a s^ped&c gravity 115 
of 1.08 at 73*'F. and m a 10% medianol soilu- 
tion at 77°F. has a Brookfieid viscosity of 
30 q>. — "Elvamide" is a Registered Trade 
Mark). The coating dried to a 0.00015 mdi 
thidc smooth, hard, flexible fihn. 120 

A 0.110 inch thick photosenative, th enno- 
plastic elastomeric sheet between pdyester 
cover rfieets was prepared ss in Example XV 
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except that cwie of tfie polyescer cover sheets 
was coaxed with a polyamide film as described 
above which was lammafCedi to the irfiotosensi- 
tive sxirface. The resulting ^mple couM be 

5 manfpoIatBd with iio deDfcemal effect to the 
photos^sitiye layer. The polyester cover sheet 
■was stripped from the polyanSde surface which 
adhered to the photosenafeve layer. The hard, 
flexible smooth pplyamide surface was covered 

10 with an image-beaiing transpareacy. The 
positian of the transparency in xrlose contact 
with the polyamide surface could be easfly 
adjusted. The photosensitive layer was image- 
wise escposed' through the -polyamkle fihn and 

15 transparency for 5 minutes as in Example V. 
The plate was brushed for 3 minutes wiidi a 
3 : 1 solvent mixture of tricMoroethylene and 
methanol to produce a nelief image £uid re- 
move the poiyamide fihn, Whai dry, thei^Iief 

20 image was post-exposed as in Examplte! V and 
when used as a prmtihg relief produced print 
images which faithfully reproduced a negative 
of the image transparency. 

EXAMPLE XXV. 
25 A photosensitive, thehnoplaistic, elastomeric 
layer containing 70.25 parts by weight of poly- 
styrene - polyisoprene . polystyrene block co- 
polymer, 5.0 parts hexamethylene glycol di>- 
acrylate, 0.75 part benzoin methyl ether, 15.0 
30 parts « - methyl styrene - vinyl toluene r^in, 
8.0 parts napbthenic mmeral oil, 1.0 part 
synithetic ceresin wax, and) about 0.12 part 
2,6 - di - tert. - butyl - 4 - methylpheaol and 
lammated on each side with a polyester sheet 
35 was prepared as in Example XIII except that 
the 0.002-inch heait set polyethylene tereph- 
thalate cover sheet was first coated with a 
solvent-soluble, hard> flexible film. The coated 
surface of the cover sheet was then iaminaiced 
^ to the photosensitive layer durmg the calen- 
dering process as in Example XIII. 

The coaced cover sheet wais prepared by 
coating a solution of 300 g polyethylene- 
polyvinyl acetate copolymer ("Elvax" 420, a 
45 product of E. I. du Pont de Nemours and 
Company; 18% vinyl acetate; mdt index of 
125 — 175 g/10 min. using the procedure 
ASTM D-1238 — "Elvax" is a Registered 
Trade Mark), 27 g stearic add in 2 liters 
50 trichloroethylene oh 0.002 inch, uncoated, bi- 
axiaUy oriented, heat-set, polyeiylene tereph- 
thalate fihn using a O.006 inch doctor km'fe 
and then drying at 180°F. 
The photosensitive sample could be mani-. 
5d pulated and could be stored for several months 
with no significant change in sensitivity. The 
0.002 inch polyester cover sheet was stripped 
from the polyethylene-polyvmyl acetate co- 
polymer coating which adhered to the surface 
60 of the photosensitive layer. The photoseimtfve 
sheet was then exposed' for 5 mmutes to actinic 
radiation through an image-bearing ma^ 
parency on the copolymer-coatsed surface using 
a ••Dycr^" (Regimcd Tra^ Mark) photo- 



polymer -printing" plate rotary exposure unit, 65 
Modd 3832 RCL, a product of E. I. du Pont 
de Nemours -andi Qmipany. Tte hard, flexible 
cdpolymer-coated surface did not separate 
nom the -photosensitive layer when the sheet 
was flexed and manipidatat and insured uni- 70 
form dose contact of the transparency to the 
sheet during exposure to acdnic radiation. 

The exposed sample was brushed for five 
minutes with 3 : 1 solvoit mixture of trichloro- • 
ethylene and ethanol to remove die copolymer 75 
ooatiiig and unexpcwed areas of the photosensi- 
tive dastomeric layer. The resulting supported 
relief plate was dried and post expceed as in 
Example V and when used as a flexographic 
printing pla/tfi gave print quality at least 80 
equivalait to that from conveniticnaily made 
rubber plates. 

EXAMPLE XXVI. 

A photosensitive element was prep^ed as 
in Example XXV and was then exposed 85 
ithrough the 0.004 inch, heat relaxed poly- 
ethylene terephthalate support sheet to actinic 
radiation fftwn a paralld bank of three "West- 
inghouse FS 20 fluor^ent sun lamps at a 
distance of 1.5 inches for 10 minutes. Then, 90 
as in Example XXIV, the 0.002 inch, heat set 
polyethylene terephthalate cover sheet is 
sitrippedl from the dement, which was hnage- 
wise exposed for 4 minutes, and devdb^ 
to produce a relief image suitable for flexo- 95 
graphic printing. 

The rdief produced from the pre-exposed 
dement was improved over the similar relief 
produced in Example XXV in that the depth 
of the devdoped relief was limitedl to 0.035 100 
inches, the backgromid areas did not show 
brush marks and solvent swdlmg during pro- 
cessing was reduced resulting in shortened 
drying time. Further advantages were that the 
dimensional stability of tfie photjosensitive 105 
elements prior to imagewise exposure was im- 
proved, thus simplifying storagje anidi handling. 
Also for similar reasons the need to post- 
expose after imagewise exposure lis obviated. 

WHAT WE CLAIM IS:— 110 
1. A photosensitive^, dastranaic composi- 
tion comprising 

(1) at least 30% by wdght of at least one 
tharaoplastic, elastomeric block copolymer 
containing at leasit two thecmopkstic, nax^ 115 
elastomeric polymer blocks having a Assess 
transition temperature above 25°C m3i be- 
tween the thermoplastcc, noa-dastomenc 
polymer blocks an dastomeric polymer blodc 
having a glass itransition temperature bdow 120 
10°C, 

(2) at least 1% by wdght of an additira:- 
polymerizable, ethylenically unsaturated com- 
pound containing at feast (me temiihal etby- 
lenic group, which compound is ^ompatcble 125 
with the copolymer fl)^ and 

(3) a polymerization-effective amount of * 
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polvznerizaiioa initiator acdvatable by acdnic 
radiation. 

2. A compositioit accozdihg to Ctaim 1 
whcrdtt the thennoplastic, non-dastomeric 

5 polymer blocks have aix average moliecular 
wd^t of 2,000—100,000 and the dastomeric 
polymer blodc has an averag)e moiteculair 
weighft of 25i000 to 1,000,000. 

3. A composition according to Clahn 1 or 
10 2 wherein the thermoplastic^ non-dastDmeric 

polymer blodcs are the tenninal blocks of thst 
copolymer and' are ocnnectcd! by the elasto- 
meric polymer blodk. 

4. A composition accxmlmg to any one of 
15 Qaims 1 to 3 wherein the copolymer is a 

polystyrene - polyisaprene - podysiyrenft 

5. A composition according to any one of 
Qaims 1 to 3 whereitt the copolymer is a 
polystyrene - polybutadiene - polystyrene 

20 block copolymer. 

6. A composition according to any one of 
die preceding claims wherein the addition- 
polymerizable, etiiylenically imsatmated com- 
pound has a toiling point at normal pressure 

25 overl00<^C. 

7. A photosensitive composition according 
to any one of the preceding daims, wheiem; 
the polymerisation initiator is present in an 
amount of from OSXfl to 10%, by wdght, 

30 and is inactive thermaiy below 85°C. 

8. A photosensitive composition: according 
to daim 1 substantially as described in any 
one of the Examples. 

9. A photosensitive element comprising a 
35 support bearing a layer of a photosensitive 

composition as claimed in any one of the pre- 
ceding claims. 

10. A photosensitive element aororddng to 
claim 9, wherein the layer of photosensitive 

40 composition is 0.0005 to 0.250 inch thick. 

11. A photosensitive demenit according to 
daim 9 or 10, wherein a fleidble cover sheet 
is present on the side of the photosenative 
layer remote from the support. 

45 12. A photosensitive dement according to 
claim 11, wherein a flexible, polymeric film 
is interposed between the cover sheet and the 
surface of the photosensitive layer. 

13. A photosensitive dement according to 
50 claim 12, wherein the cover sheet is polyethy- 
lene terephthalate and the fihn is a polyamiide. 

14. A photosensitive dement according to 
claim 12, wherein the cover sheet is poly- 
ethylene terephthalate and the film is a co- 

55 polymer of ethylene andi vinyl acetate. 

15. A photosensitive dement accoidlLns to 
any one of claims 11 to 14, wherdn the cover 
sheet is a strippable sheet 

16. A ph^osensitive dement according to 
60 claim 9 substantially as described in any one 

of the Examples. 

17. A process for forming an dastomeric 
material' by photofrradfatiion which oomprises 
exposing a composition as claimed in any one 

65 of claims 1 to 8 to actinic xadfatiosx. 



18. A process for forming an dastomeric 
maiterial by photoirradiation which comprises 
expodng an dement as d almed in any one 
of daixm 9 to 16 to actmic radiation. 

19. A process for forming an elastomeric 70 
material by photoinraxHation which ccnnprises 
non-^imagewise exposing an dement as daimed 

in any one of claims 9 16 to actinic raidia- 
tion through the support, the su^^nt being 
transparent to actimc radiation, and* then 75 
imagewise exposing die dement to actinic 
radiation. 

20. A process for foaming an dastomeric 
reUef image by a process as claimed in daim 

19, wherein the step of imagewise exposing 80 
is followed by removal of areas of the photo^ 
sensitive kycr which remained unexposed 
durmg imagewise exposure by treatment with 
a solvent which dissolves the wexposed areas 
but does not dissolve the exposed areas. 85 

21. A process according to claim 20 sub- 
stantially as described! in Example XXVI. 

22. A process for forming an elastomeric 
image by photoirradiaition which comprEses 
exposing imagewise to actinic radiation a layer 90 
of a photosensitive composition as daimed in 
any one of daims 1 to 8 and removing the 
unexposed areas of the layer by treatment with 

a solvent which dissolves the unexposed areas 
but does not dissolve the exposed areas. 95 

2B. A process for forming an dastomeric 
printing rdief by photoirradiation which com- 
prises imagewise exposdng to actimc radliaton 
an element comprising, in order, a sheet sup- 
porti a layer of a photosensitive composition 100 
as claimed in any one of claims 1 to 8 and a 
transparent flexible, polymeric fihn, the 
dement bdng exposed through the flexible 
polymeric film, and removing the flexiblef 
polymeric film and the unexpo^ areas of the 105 
photosensitive layer by treatment with a sol- 
vent which dissolves them but which does 
not dissolve the exposed areas of die photo- 
sensitive layer. 

24. A process for fonning an elastomeric 110 
printing relief comprising coating a layer of a 
photosensitive composiition: as claimed in any 

one of daims 1 to 8 on a sheet support, 
laminating, in order, a flexible, polymeric 
film and a flexible cover sheet to the layer, 115 
stripping the cover sheet from the fihn, image- 
wise exposing the layer through the film, andi 
removing the film and <the unexposed areas of 
the layer by treatment with a solvent which 
dissolves the unexposed aieas but does not dis- 120 
solve the exposed areas. 

25. A process according to claim 23 or 24, 
wherdn the printing rdief is a flexographic 
printing relief. 

26. A process according to claim 22 sub- 125 
stantially as described- in any one of Examples 

II (to XVIII and XX to XXV. 

27. A process according to claim 24 sub- 
stantially as described in Example XXIV or 
XXV. 130 
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28. Elastomeric material when pi^aied by 

a process as claimed in any (me of claims 17 J. A. KEMP & CO., 

to 27. Chartered Patent Agents, 

29. Relief images whenever prepared by a 14 South Squaic^ 
process as claimed in any one of daams 20 to Gra/s IniL London WCIR 5EU. 
27. 
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